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Deformation-Texture Evolution
in Deep Drawing of Cold-Rolled 3104 Aluminum Alloy Sheet*

% 3k ok Lk

Tomoyuki Kudo **, Ryohei Kobayashi and Hiroki Tanaka

It is known in cold rolled 3104 aluminum alloy sheets that ears on a cup are formed in 0° and 180° against
the rolling direction by a deep drawing. The previous reports discussed the relationship between the
crystallographic texture on original sheet and the ears, however, significant correlation wasn't necessarily
observed between anisotropy of the mechanical property and the ears. In order to know the mechanism of
the ear forming by the deep drawing, the texture development by the deep drawing should be considered.
In the present work, the development of the deformation texture in cold rolled 3104 aluminum alloy sheets
by the deep drawing was measured by using X-ray diffraction method and then analyzed. Major
orientations found in the deformation texture by the deep drawing were similar to the rolling texture,
however, intensities of the Goss and Cu components were especially increased. Lattice rotation by the deep
drawing was estimated by analyzing the orientation distribution function (ODF) and the crystallographic
mechanism of the texture development was discussed.

Keywords: texture, cold rolled aluminum alloy sheet, sheet metal formability,
orientation distribution function, beverage can stock material
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Table 1 Chemical composition of 3104 aluminum alloy

(mass%).
Si Fe Cu Mn Mg Al
0.33 042 0.22 1.0 1.0 Bal.

Table 2 Forming practice condition of the deep drawing.

Practice Drawing Re-drawing
Thickness (mm) 0.28 -
Blank -
Diameter (mm) 140 -
Diameter (mm) 87.0 66.0
Punch -
Radius (mm) 35 -
Di Diameter (mm) 876 66.6
ie
Radius (mm) 3.0 28
Blank holder force (MPa) 05 0.3
Punch speed (mm/s) 500 1000
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Fig. 1 Distribution of the cup height.
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Fig. 3 Orientation densities in the major orientations of

the cold rolled sheet and the cup wall.
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Fig. 4 TEM bright-field images of (a) the cold rolled

sheet and (b) the cup wall.
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Fig. 5 TEM bright-field and dark-field images of the cold
rolled sheet and the cup wall.
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Fig. 6 Change in ODF by the deep drawing. Arrows
indicate the directions of the lattice rotation by
the deep drawing.

Table 3 Orientations in the rotation paths by the deep drawing.

@2=0° Cross section

@>=45° Cross section

Orientation o ; ; ; ; ; e ; ; ; ; -
Initial orientation (Brass) | Final orientation (Goss) Initial orientation (K) Final orientation (Cu)
@1 = 35° p1=0° @1 = 55° =90°
Euler angle d =45° ¢ = 45° d = 25° o = 35°
@2 =0° @2=0° @2 = 45° @2 = 45°
Miller index 011}<211> 1011}<100> {113}<031> 112}<111>

Rotation angle

35° around <011> axis

43° around approximately <112> axis
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